Introduction
Electronic forces between ions and dipoles contribute mainly to the interactions between metal ions and ligands in the well-known alkali metal salt complexes of crown ethers. Polyether ligands of this type, however, are also capable to form adducts with neutral molecules such as thiourea [1] , malodinitrile [2] , or water [3] . The binding forces between "host" and "guest" in these complexes are of particular interest, as similar interactions are important in receptor-substrate complexes in biological systems.
The macrocyclic polyether ligand 1,4,7,10,13,16-hexaoxacyclooctadecane, better known as 18-crown-6, forms crystalline 1:2 complexes with various phenylhydrazines [4] . These adducts are of interest also from a practical point of view: Phenylhydrazines are widely utilized in organic chemistry as reagents for the characterization of carbonyl compounds. However, although these reactions are known since a long time [5] , some problems connected with the poor solubility of the most often used nitrophenylhydrazines in organic solvents remained. Syntheses of the corresponding hydrazones usually have to be carried out in inorganic acids or water/ethanol mixtures, frequently at high a Part XVII of the series "Structures of Polyether
Complexes". For part XVI, see K. K. Chacko and W. Saenger, Z. Naturforsch. 36b, 102 (1981).
temperature, which in turn has the disadvantage of leading to various side reactions. When complexed by the crown ether, however, mono-and dinitrophenjdhydrazines are easily soluble in organic solvents such as hot toluene, nitromethane or acetonitrile. Thus, reactions with ketones and aldehydes can be carried out under phase transfer conditions [4] . Furthermore, this "molecular encapsulation" of the reagents also leads to higher stability against oxydation; thus the 18-crown-6 complex of unsubstituted phenylhydrazine is crystalline, whereas the pure compound is a liquid.
These properties of the new complexes, which are indeed very promising for organic analysis, encouraged us to investigate the binding situation in the 1:2 adduct between 18-crown-6 and 2,4-dinitrophenylhydrazine by X-ray methods. Furthermore, the elucidation of this crystal structure seemed to be worthwhile due to another fact: X-ray studies of a number of molecular complexes with 18-crown-6 as ligand have shown that the interactions between host and guest mainly consist of one N-H-0 [6] or C-H-0 [2, 7] hydrogen bond. In contrast, 2,4-dinitrophenylhydrazine as guest molecule offers two potential hydrogen bond donor atoms, namely both the nitrogens of the hydrazine moiety. This led to the expectation of a somewhat different structure.
Experimental
The title complex crystallized from toluene solution in very thin, red plates of poor X-ray diffraction quality. Cell constants were a = 8.557(2), b = 16.745(6), c = 12.387(4)1, ß = 117.08(13)° with monoclinic space group P2i/c, Dm = 1.37 g/cm 3 , Dc = 1.387 g/cm 3 for Z = 2.
A specimen with approximate dimensions 0.6 X 0.2 x 0.01 mm 3 was cut out of a larger piece and used for data collection. 2505 X-ray intensities were measured by the 20/cu scan technique using a four circle STOE diffractometer. (Ni-filtered CuKa radiation, / •mean -1.5418 Ä.) Scan time was 35 s per reflection, and background counts of 12 s were taken at both limits of the scanning range.
Since the crystal was small and did not contain any heavy atom (/u = 10.0 cm -1 ), data were only corrected for Lorentz and polarization effects but not for absorption.
The structure was solved by direct methods (MULTAN 78 [8] ) which provided all non-hydrogen atoms but one, the coordinates of which were obtained from a difference synthesis. Some of the hydrogen atoms, including those of the hydrazine group, could be located from difference Fourier maps at later stages of refinement, while the positions of others had to be calculated according to geometrical requirements. The present i?-factor is 0.11 for 1733 unique intensities with F>3<x(F). This relatively high i?-value may be explained by the lower quality of the crystals and the high portion ( ^ 1/3) of data below the 3o level.
We obtained crystals of the 18-crown-6 complexes with p-nitrophenylhydrazine and unsubstituted Phenylhydrazine as well. These, however, were less stable against X-ray radiation. In fact, there seemed to be a direct correlation between crystal stability and acidity of the hydrazine protons, giving rise to the assumption of hydrogen bonding between the hydrazine group and the ether oxygens as a main structural feature of the adducts.
Results and Discussion
This assumption on the hydrogen bonding turned out to be true. The centrosymmetric complex structure is shown in Fig. 1 where also the numbering of the atoms is indicated. The inversion centre is located in the centre of the crown ether plane. The guest molecules use their hydrazine groups as "anchors" to contact the macrocyclic ligand. The N-N hydrazine bond forms an angle of 35.6(4)° with the crown ether plane, thus allowing the interaction of both the nitrogen atoms N(7) and N(8) with the host via hydrogen bonds.
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In these cases, the criteria for bifurcated H-bonds suggested by Donohue [9] are satisfied, e.g. H -O contacts to both of the acceptor atoms are shorter than the Van-der-Waals distance of 2.60 Ä. In fact, H atom positions that have been located from a difference map at an R factor as high as in the present case ought to be treated with caution; on the other hand, however, all the bond distances and angles involved in hydrogen bonds are reasonable. Furthermore, the same scheme of bifurcated hydrogen bonds results when only N---0 distances are considered, neglecting the hydrogen positions.
In contrast to 11(8,2), 11 (8, 1) is only involved in a normal hydrogen bond to 0(18*) H-0 distance 2.09 Ä), whereas its contact to 0(15^ (2.66 Ä) is too long to represent hydrogen bonding. However, the geometrical features around H (8,l) Table III . Interatomic distances (A) and Table IV . a) Torsion angles (°) in the macrocyclic ligand; b) torsion angles (°) about the N-N hydrazine bond. When Allinger's potential minima radii [10] are applied (1.65 Ä for O and 1.50 Ä for H), the latter hydrogen bond may be considered bifurcated as well.
The crown ether ligand shows somewhat larger deviations from ideal D3d symmetry than was found in most of the other 18-crown-6 complex structures. This can be explained by the diminished symmetry of the guest molecules. The hexagon formed by the oxygens is slightly irregular; its edges are in the range 2.74-2.83 Ä (s. Table III ). The torsion angles (Table IVa) 
Ref. deviations of all the torsion angles from the ideal values.
As usual for polyethers, the C-C bond lengths are considerably shortened (average: 1.504 Ä) in comparison to the theoretical value (1.537 Ä) for C(sp 3 )-C(sp 3 ) bonds [11] . Formerly, this effect was believed to be due to inadequate treatment of thermal vibration [12] , e.g. to be only an apparent one, but recently, Dunitz et al. showed that his shortening is at least partly real [13] .
One may question whether the conformation of the hydrazine moieties does slightly change upon complex formation in order to achieve a better contact of the NH hydrogens with the hexaether. Unfortunately, the X-ray structure of 2,4-dinitrophenylhydrazine has apparently not yet been reported so that a direct comparison is not possible. However, data of unsubstituted Phenylhydrazine and of its hydrochloride are available [14, 15] . In these crystal structures, the N(7)-H(8) bond is inclined by 10° and 67.2°, resp., with respect to the plane of the benzene ring, e.g., hydrogen bonding to Cl -can cause quite a considerable change. (In the present structure, the corresponding angle is 20.5(3)°.) On the other hand, the electron pulling nitro groups presumably lead to a diminished flexibility of the hydrazine group.
The NH2 group is rotated by »90° relative to C(l)-N(7)-H(7) ( Table IVb) . Similar twists are observed in many structures containing the NH-NH2 fragment, the range of the possible torsion angles being fairly wide, which again may be explained by the flexibility of the hydrazine group.
A main feature of the crystal packing is partial antiparallel stacking of adjacent 2,4-dinitrophenyl- hydrazine molecules with a distance of 3.43(1) Ä. The mode of stacking is shown in Fig. 3 .
